To demarcate the C-terminal boundary after incubation with chymotrypsin, cleaved proteins were analyzed by bottom-up LC-MS/MS. Cleaved proteins were separated by SDS-PAGE, excised, and treated as follows.
Sample preparation for fragment ending in H124/F125
Although proteolysis of KcsA was achieved using chymotrypsin, the sequence requirements of the C terminus made it necessary to use chymotrypsin rather than other available enzymes to generate detectable peptides for MS analysis. Thus, aniline labeling (Panchaud et al., 2008) , which reacts with carboxyl groups, marking the protein C terminus (and also aspartic acid and glutamic acid residues), was used to provide evidence for C-terminal position before proteolytic cleavage during MS sample prep. Chymotrypsinized KcsA samples were either labeled by aniline or left unlabeled and proteolytically digested. In brief, 100 mM aniline was incubated with gel bands in 200 mM pyridine, pH 5, with 200 mM EDC at room temperature for 2 h. After labeling, bands were extensively washed with 100 mM ammonium bicarbonate and acetonitrile, increasing the organic concentration in each washing step. Proteins were reduced in 10 mM dithiothreitol (Sigma-Aldrich) before alkylation of cysteines with iodoacetamide (Sigma-Aldrich). After dehydrating gel bands, a solution of 20 ng/µl chymotrypsin (Promega) in 100 mM ammonium bicarbonate was absorbed into the band for overnight digestion.
Sample preparation for fragment ending in H25
To generate ideal proteolytic peptides for samples containing H25 at the C terminus, gel bands were digested with either 20 ng/µl trypsin (Promega) or LysC (Wako Pure Chemical Industries) after cysteine alkylation.
LC-MS/MS analysis
Each sample was analyzed by nano LC-MS/MS (Dionex 3000 HPLC coupled to Q-Exactive mass spectrometer; Thermo Fisher Scientific). Peptides were separated at 200 nl/min using a "typical" gradient for unlabeled peptides or gradient to a higher percentage organic to elute the hydrophobic aniline-labeled peptides: (a) a gradient increasing from 5% B to 30% B in 75 minutes (A: 0.1% formic acid, B: acetonitrile/0.1% formic acid) or (b) a gradient increasing from 5% B to 60% B in 75 min. Peptides were loaded onto a trap column before separation on a packedin-emitter C 18 column (75 µm by 12 cm, 3 µm particles; Nikkyo Technos Co., Ltd.). For data-dependent analysis of peptide/modification identification, the mass spectrometer was operated in "preferred mode": fragmentation of up to 20 ions per cycle using an under fill ratio of 1%. MS spectra (m/z range: 300-1,400) were recorded at a resolution of 70,000 (AGC: 5e5) and MS/MS spectra at 17,500 (AGC: 2e5) with a lowest m/z of 100. Generated LC-MS/MS data were queried against a custom database (containing contaminants, irrelevant entries, and the proteins of interest) using Mascot, with carbamidomethylation of cysteine (C) as a static modification and the following variable modifications as appropriate: oxidation of methionine, acetylation of protein N termini, aniline labeling on D, E, and C terminus, and semi-specific enzyme restrictions with trypsin, LysC, or chymotrypsin. Mass accuracy requirements were 10 ppm for MS and 20 mmu for MS/MS. Data are summarized in Table S2 . A with an adjusted y axis for clarity. E71A/L24C/R117C does not show appreciable flux at pH 7.0 and 4.0 compared with the E71A control (black closed triangles). Flux for naked liposomes at pH 7.0 and 4 is included as a control. E71A at pH 4.0 has such high activity that it does not appear on the graph at this scale but is visible in Fig. 4 A. Figure S5 . Example of single channel bilayer recording of L24C R117C KcsA prepared in liposomes without TCEP. In most instances under these conditions, nothing was observed in the bilayers upon liposome addition. However, in 9 out of ∼140 total bilayers, spiky, low Po channels are scouted at 100 mV in pH 4, and upon observation of a channel, 1 mM TCEP in solution at pH 4.0 is perfused into the trans chamber. After 5-10 min of incubation, an increase in Po is observed in channel activity. JGP Rows 1, 2, 5, and 6 refer to analyses performed on WT KcsA, and rows 3 and 4 refer to analyses performed on L24C R117C. Rows 1 and 3 show cleavage at H124, and rows 2 and 4 show cleavage at F125, whereas rows 5 and 6 show cleavage at H25 and R27, respectively. The protease used for in-gel cleavage is noted, as is the use of aniline labeling. The m/z value is the mass-to-charge ratio observed in the spectrum.
